, 225-235 -Our previous work demonstrated that the prenatally irradiated ultrasound of even a low-intensity might affect the functional development of the brain of offspring in rats. In the present study, in order to investigate the emotional and cognitive behaviour of offspring of rats that received the irradiation of a diagnostic ultrasound on the 9th day of gestation, the following three experiments were carried out: 1) The emotional reactivity of the offspring was measured by the open-field technique. 2) The same reactivity was further evaluated in terms of the escape response from electroshock.
Our previous work demonstrated that the prenatally irradiated ultrasound of even a low-intensity might affect the functional development of the brain of offspring in rats. In the present study, in order to investigate the emotional and cognitive behaviour of offspring of rats that received the irradiation of a diagnostic ultrasound on the 9th day of gestation, the following three experiments were carried out: 1) The emotional reactivity of the offspring was measured by the open-field technique.
2) The same reactivity was further evaluated in terms of the escape response from electroshock.
3) The cognitive function of the offspring was assessed through the discrimination learning and the discrimination reversal learning.
The offspring of irradiated rats showed significantly more distinct vocalization response to handling in the openfield test and significantly more distinct escape response from the electroshock, when compared with the two control rats (untreated control and sham-irradiated control).
From these findings it may be suggested that the emotional behaviour in rats can be influenced by a low-intensity ultrasound irradiated during foetal stage. On the other hand, as for the cognitive behaviour, the results of the present study suggest no adverse effect on it. ultrasonics; pregnancy; emotional behaviour; cognitive behaviour For the purpose of exploring the effects of low-intensity ultrasound upon the functional development of the brain, we have been making a series of experi mental studies using albino rats. It was previously demonstrated that some of neuromotor reflexes of the neonatal rats irradiated while in uteri showed significant delays in maturation, as compared with those of both sham-irradiated and un treated control rats. In addition, it was also noticed that the urination response of the irradiated group at the test-situations was different from that of the other two control groups, that is, the irradiated animals showed a delay in age at the first appearance of urination response (Murai et al. 1975 ). These findings suggest that the ultrasound of even a low-intensity may have some influence upon the functional development of the brain. 
RESULTS
Emotional reactivity in rats evaluated by three measures is summarized in testing day and the statistical analysis could not find any significant group differ ence. The second panel shows the percentage of rats which responded with excretion in the field. No significant group difference was found in this measure, either.
The percentage of rats which responded with vocalization to handling is presented in the bottom panel of the figure. From this panel it can be seen that the irradiated group made a greater response than the other two groups on each of the 3 consecutive days. A non-parametric overall analysis indicated that there were significant group differences on both the 2nd and the 3rd day of the test (x2= 8.041, df=2, p<.02 and x2=10.141, df=2, p<.01, respectively). Thus, group comparisons revealed that the irradiated group significantly differed from both the sham-irradiated and the untreated group at the levels of confidence 0.05 to 0.01 ( Fig. 1 The discrimination task in this experiment was a discrimination between vertical and horizontal striped patterns of black and white, each stripe being 2 cm in width. For the half member of each group the card with vertical stripes represented the correct pattern (positive stimulus), while for the other half the horizontal striped pattern was the positive stimulus.
The S was placed in the starting box, the starting door was raised, and the electric shock given immediately.
The shock was continued until the S escaped. If the S failed to escape the shock within 1 min, then the shock was terminated and he was gently put into the escape box by the E. According to Gellermann's order the position of the correct pattern was shifted.
The S was allowed to stay for 30 sec in the escape box, then removed to a retaining box for 60 see, to wait the next trial. The trials were continued in 10 trials per day until the S fulfilled the criterion of 10 successive errorless escapes. 3) Discrimination reversal training: On the day following the last discrimination training, the positive and negative stimuli were now reversed, that is, the positive stimulus was switched off into the other striped pattern which had been the negative stimulus so far. Then, the S was forced to choose the exact reverse pattern as a positive stimulus.
The reversal training was carried out by the same way as the one in the previous discrimination training and was continued in 10 trials per day until the S fulfilled the criterion of 10 successive errorless escapes.
Among the groups there were no significant differences in their performance of preliminary training.
The performance of discrimination learning is shown in Fig. 5 in terms of the percentage of correct response in the daily trials, and in •£ , irradiated; ƒ¢, sham-irradiated; o, untreated. •£, irradiated; ƒ¢, sham-irradiated; o, untreated.
Fig. 6 presents the percentage of correct response in daily trials of the the reversal learning. It can be seen in this figure that the learning rate of this discrimination reversal task does not differ between the irradiated and the untreated groups, while the performance of the sham-irradiated group is superior to those of the other two groups. In Table 2 , the mean number of trials to reach the criterion in the reversal learning is shown. It can be seen here as well that the sham-irradiated group required a less number of trials to reach the criterion than the other groups did. In either cases, the statistical analysis could not find any significant group differences.
DISCUSSION
In the discrimination learning, there were no apparent differences in the performance of learning among the 3 groups, while in the reversal learning, although no statistically significant difference was proved, the performance of the sham-irradiated group was superior to those of both the irradiated and the untreated group. The discrimination learning will be interpreted as a process of establishing a new habit, whereas the discrimination reversal learning demands the subject to adapt itself to a new situation through breaking an old habit. Therefore, the reversal learning will be considered distinctly to represent the ability of 
Concluding Remarks
In the present study it has been clearly demonstrated that under a certain stress situation such as in an electric shock the irradiated group showed more distinct emotional reaction than did the sham-irradiated and untreated control groups. This finding seems to suggest the need of several other kinds of stress situations that may more distinctly reveal the emotional reaction in the irradiated group. From the findings in Experiments 1 and 2, taken all together, it may be suggested that the emotional behaviour in rats can be influenced by a low-intensity ultrasound irradiated during their foetal life.
As for the effect on cognitive behaviour, the finding in Experiment 3 has failed to demonstrate the definite adverse influence of the prenatal irradiation of ultrasound upon the development of cognitive behaviour.
It is quite possible that the learning ability evaluated in the present experi ment can be influenced by other factors of behaviour such as activity and emotion ality. In the present study the activity of the irradiated group did not differ from those of the other two groups when evaluated by the ambulation scores in the open-field test.
On the other hand, emotionality in that group significantly differed from the other groups; it is obvious in Experiment 2 that the irradiated group showed higher emotional reactivity than the other groups.
Nevertheless, there was no significant difference in their learning ability among these groups. These findings would suggest that the emotional reactivity in the irradiated group is not so high as to narrow the breadth of cue-utilization in the discrimi nation learning (Kausler and Trapp 1960) .
In order to clarify further the effect of a low-intensity ultrasound on be haviour of offspring, we need to observe their behaviour in more detail on developmental and pluridimensional aspects.
